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PREFACE 

This  report  is  presented  as  a comprehensive  description  and  inventory  of  the 
ground-water  resources  available  in  Washington  County.  With  the  continuing 
growth  of  our  population  and  the  expansion  of  our  industries,  there  is  an  ever 
increasing  rise  in  demand  for  quality  water  resources.  Ground  water,  or  sub- 
surface water,  constitutes  one  of  the  largest  reserves  of  quality  water  remaining 
to  be  developed. 

This  report  can  be  of  assistance  to  anyone  who  is  planning  for  future  water 
needs.  It  will  help  to  evaluate  the  quantity  and  quality  of  ground  water  available 
in  any  part  of  the  county,  and  it  will  aid  in  choosing  the  locations,  depths  and 
conditions  most  favorable  for  the  desired  ground-water  yield. 

Wliile  this  publication  has  attempted  to  include  all  available  ground-water 
data  for  the  county,  the  Pennsylvania  Topographic  and  Geologic  Survey  will 
continue  to  collect  ground-water  and  water-well  data  for  the  area;  such  data  will 
be  kept  on  open  file  at  the  Survey  offices  in  Harrisburg,  available  to  anyone  who 
desires  the  very  latest  information. 

We  hope  that  this  report  will  aid  users  of  water  in  Washington  County  to 
develop  and  manage  their  water  resources  so  as  to  accommodate  their  water 
needs. 

ARTHUR  A.  SOCOLOW 
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SUMMARY  GROUND-WATER  RESOURCES  OF 
WASHINGTON  COUNTY,  PENNSYLVANIA 

by 

Thomas  G.  Newport 
U.  S.  Geological  Survey 
Water  Resources  Division 

ABSTRACT 

The  geologic  units  in  Washington  County  include  the  Pennsylvanian 
Monongahela  and  Conemaugh  Groups,  the  Permian-Pennsylvanian 
Washington  Formation,  the  Permian  Greene  Formation,  and  uncon- 
solidated Quaternary  deposits.  The  Quaternary  deposits  consist  of 
alluvium  which  overlies  bedrock  in  a few  places  along  the  major 
stream  valleys  in  the  county.  The  alluvium  is  generally  permeable 
and,  when  saturated,  will  yield  moderate  to  large  supplies  of  water, 
depending  upon  the  degree  of  sorting  by  grain  size. 

Ground  water  in  a bedrock  occurs  largely  in  secondary  openings, 
such  as  joint  planes  or  solution  openings.  The  Greene  Formation  and 
the  Monongahela  Group  are  poor  water  bearers  because  of  the  small- 
ness and  scarcity  of  fractures.  The  Washington  Formation  crops  out 
extensively  in  the  county,  but  is  also  a poor  water  bearer.  The  Cone- 
maugh Group  crops  out  in  the  extreme  northern  part  of  the  county 
and  along  some  stream  valleys  in  other  parts  of  the  county.  This 
group  is  a source  of  small  to  moderate  supplies  of  water;  the  median 
yield  is  5 gpm. 

Chemical  analyses  of  water  from  Washington  County  show  many 
extremes  in  quality  due  to  both  man-made  and  natural  causes.  The 
most  common  undesirable  constituent  of  the  ground  water  is  iron, 
which  often  exceeds  the  limit  recommended  by  the  U.S.  Public 
Health  Service  and  which  sometimes  requires  the  water  to  be  treated 
for  iron  removal.  Water  drilled  in  aquifers  too  far  below  the  level  of 
the  major  drainage  systems  shows  excessive  mineralization. 

There  is  no  known  overdraft  of  water  in  Washington  County.  The 
greatest  water  problem  in  the  county  is  pollution  of  the  water 
resources  by  drainage  from  coal-mining  operations.  Collapse  of  un- 
supported roof  material  has  caused  fracturing  and  dewatering  of  the 
overlying  aquifers  in  some  parts  of  the  county.  The  hundreds  of  oil 
and  gas  wells  that  were  abandoned  but  not  properly  plugged  are 
another  source  of  ground-water  pollution;  salt  water  in  these  wells 
has  in  some  cases  moved  up  the  boreholes  and  contaminated  shallow 
freshwater  aquifers. 
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WASHINGTON  COUNTY  GROUND-WATER  RESOURCES 


INTRODUCTION 

PURPOSE  AND  SCOPE 

This  report  is  part  of  a program  to  summarize  the  ground-water  resourc< 
Pennsylvania  in  a series  of  county  reports  that  are  easy  to  read  and  suitabh 
widespread  distribution.  It  contains  a general  description  of  the  aquifers  in 
county,  a geologic  map  showing  locations  of  wells,  and  data  on  the  depth 
yields  of  wells  and  the  chemical  quality  of  ground  water. 


LOCATION  AND  GENERAL  GEOGRAPHIC  FEATURES 

Washington  County  encompasses  an  area  of  857  square  miles  in  wes 
Pennsylvania  (Figure  1).  The  county  is  bordered  on  the  north  by  Beaver 
Alleglieny  Counties,  on  the  east  by  Westmoreland  and  Fayette  Counties,  or 
south  by  Greene  County,  and  on  the  west  by  the  State  of  West  Virg 
Washington,  the  county  seat,  is  about  28  miles  south  of  Pittsburgh  and  220  r 
west  of  Harrisburg. 


Figure  1.  Map  of  Pennsylvania  showing  location  of  Washington  County 

LANDFORMS 


Washington  County  is  in  a rugged  section  of  the  Allegheny  Plateau, 
present  land  surface  was  formed  through  the  erosion  by  streams  of  a fc 
plainlike  area.  Remnants  of  this  ancient  plain  slope  from  altitudes  of  £ 
1,500  feet  above  mean  sea  level  in  the  southern  part  of  the  county  to  £ 
1 ,200  feet  in  the  northern  part. 

Stream  erosion  has  created  a complexly  dissected  area,  having  as  much  a; 
feet  of  relief  between  hilltops  and  valley  bottoms.  The  major  streams  erode 
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channels  downward  to  about  650  feet  above  sea  level;  later  filling  by  sediments 
has  created  the  present-day  tlat  valley  floors,  which  range  in  altitude  from  about 
750  to  790  feet.  The  tributary  streams  generally  lie  in  V-shaped  valleys,  and 
their  gradients  are  much  steeper  than  those  of  the  major  streams. 


POPULATION  TRENDS 

The  population  of  Washington  County  has  changed  very  little  in  the  last  50 
years,  as  may  be  seen  in  Table  1.  During  this  period,  the  population  increased 
from  188,992  in  1920  to  210,852  in  1940,  decreased  slightly  in  1950,  increased 
in  1960,  and  decreased  back  to  the  1940  population  level  in  1970.  The  1970 
population  density  in  the  county  was  246  persons  per  square  mile. 


Table  1.  Population  of  Washington  County,  1920-1970 


Year 

Population 

1920 

188,992 

1930 

204,802 

1940 

210,852 

1950 

209,628 

1960 

217,271 

1970 

210,876 

LAND  USE  IN  THE  1960’S 

Eand  use  has  changed  to  accommodate  the  movement  of  people  and  industry 
from  congested  areas.  Earm  acreage  has  been  reduced  from  76  percent  of  the 
land  area  in  1940  to  44  percent  in  1970.  The  farmland  is  used  primarily  for 
dairy  cattle,  poultry,  fruit,  and  nursery  products.  A total  of  10  percent  of  the 
land  area  is  strip  mined. 

A large  percentage  of  the  land  is  not  readily  adaptable  to  most  uses  because 
of  the  steepness  of  the  terrain.  Valley  bottoms  and  the  relatively  flat  tops  of 
many  of  the  hills  offer  the  greatest  potential  as  sites  for  industrial  and  residential 
development. 


WHERE  THE  WATER  COMES  FROM 

HYDROLOGIC  CYCLE 


Water  is  one  of  our  most  important  resources  and  it  constitutes  the  major 
part  of  most  living  things.  Man’s  existence  depends  upon  it,  yet  water  supplies 
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are  taken  for  granted  by  most  individuals.  As  shown  in  Figure  2,  water  evapo- 
rates from  the  oceans  and  is  carried  as  vapor  until  it  condenses  and  falls.  Most  of 
the  precipitation  on  the  land  is  used  by  vegetation,  evaporates  back  to  the 
atmosphere,  or  runs  overland  as  streamflow.  Part  enters  the  soil  and  bedrock  to 
recharge  water-bearing  fomrations,  called  aquifers.  The  rate  of  water  movement 
varies,  depending  on  its  environment,  but  eventually  it  returns  to  the  oceans, 
completing  the  cycle. 

If  man  interrupts  or  changes  the  hydrologic  cycle  the  results  may  have  serious 
effects  for  many  years.  Man-made  changes  in  the  hydrologic  cycle  in  Washington 
County  are  discussed  in  the  following  pages. 


PRECIPITATION 

Precipitation  is  the  source  of  all  fresh  water  in  the  county,  but  not  all  the 
available  water  falls  directly  on  the  county.  Streams  entering  Washington  County 
carry  water  that  fell  as  precipitation  in  other  parts  of  Pennsylvania  and  in  West 
Virginia. 

Annual  precipitation  at  the  National  Weather  Service  (fomierly  U.S.  Weather 
Bureau)  station  at  Burgettstown  averages  nearly  35  inches,  and  at  the  station  at 
Charleroi  Lock  Number  4 it  averages  39  inches  (U.S.  Department  of  Commerce, 
1971).  The  precipitation  records  for  these  stations  show  no  monthly  averages 
less  than  2 inches.  The  months  of  greatest  rainfall  correspond  with  the  growing 
season  and  with  the  periods  of  peak  water  needs. 


V/HERE  THE  WATER  GOES 

EVAPOTRANSPI  RATION 

Evapotranspiration  is  a collective  term  describing  the  return,  through  the 
sun’s  energy,  of  water  to  the  atmosphere  as  vapor.  Transpiration  returns  soil 
moisture  to  the  atmosphere  as  a product  of  plant  growth;  evaporation  changes 
water  directly  from  a liquid  to  a vapor. 

The  estimated  mean  annual  rate  of  evaporation  from  surface-water  bodies  in 
Washington  County,  as  reported  by  the  National  Weather  Service,  is  28  inches, 
of  which  three-fourths  is  evaporated  from  May  to  October.  However,  the 
surface-water  bodies  constitute  a very  small  percentage  of  the  county  area,  so 
this  water  loss  represents  a minor  part  of  the  total  loss.  The  total  annual  loss  by 
evapotranspiration  is  on  the  order  of  14  inches,  or  about  40  percent  of  the  mean 
annual  precipitation. 
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STREAMFLOW 

Most  of  the  precipitation  not  lost  through  evaporation  and  transpir 
leaves  the  county  as  part  of  the  flow  of  the  Ohio  River.  This  is  equivalent 
inches  of  precipitation  annually.  The  water  contributing  to  streamflow  fo 
two  general  routes.  Part  of  it  moves  directly  over  the  ground  to  the  surface-' 
bodies.  The  rest  follows  a slower  route,  moving  througli  the  earth  as  gr 
water  to  points  of  discharge  in  the  stream  valleys. 

The  major  streams  and  locations  of  stream-gaging  stations  are  shown  in 
1.  Identification  numbers  are  those  assigned  by  the  U.S.  Geological  Su 
Discharge  data  at  two  gaging  stations  are  given  in  Table  2;  detailed  strearr 
information  can  be  obtained  from  Surface  Water  Records  of  Pennsylvania  b 
U.S.  Geological  Survey  (see  references). 

Table  2.  Discharge  Data  for  Gaged  Streams 

Bush  Run  near  Buffalo,  Pa.  111150 

Average  discharge,  10  years  of  record:  7.87  cfs* 

Maximum  discharge,  February  13,  1966:  1180  cfs 
Minimum  discharge,  many  days:  no  flow 

Monongahela  River  at  Charleroi,  Pa.  075000 

Average  discharge,  37  year.s  of  record:  8758  cfs 
Maximum  discharge,  March  7,  1967:  158,000  cfs 
Minimum  discharge:  not  determined 


*Cubic  feet  per  second 


table. 
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Sand  k-o.oi'— ►! 

Primary  openings  in  unconsolidated  material 


Creviced  rock  l*^io'  — H 


Secondary  openings  in  consolidated  rock 

Figure  4.  How  water  occurs  in  rocks. 


WASHINGTON  COUNTY  GROUND-WATER  RESOURCES 


GROUND  WATER 

Much  of  the  water  falling  on  the  land  surface  returns  to  the  atmosphen 
evapotranspiration  or  reaches  streams  as  overland  runoff.  Part  infiltrates  thrc 
the  soil  and  througli  fractures  and  pores  (void  spaces)  in  the  underlying  rocf 
downward  movement  continues  until  it  reaches  the  saturated  zone,  a zor 
which  all  the  interconnected  voids  are  filled  with  water.  This  is  illustrate 
Figure  3.  After  reaching  the  saturated  zone,  the  water  moves  downward 
laterally  toward  lower  altitudes  and  eventually  returns  to  the  surface,  ei 
naturally  from  springs  or  as  discharge  from  wells.  During  prolonged  dry  peri 
the  seepage  into  stream  channels  provides  nearly  all  the  surface-water  flow. 

Ground  water  occurs  in  and  moves  through  interconnected  openings  (Fi 
4),  which  are  either  primary  or  secondary  in  nature.  Primary  porosity  consis 
the  spaces  between  individual  grains  of  material.  Permeability,  or  efficienc 
transmitting  water,  depends  on  the  size  and  degree  of  interconnectioi 
intergranular  spaces.  Size  and  interconnection  of  pores  are  largely  depen 
upon  the  particle  size,  the  degree  of  sorting  by  particle  size,  and  the  amour 
cementation.  Well-sorted  lenses  of  sand  or  gravel  and  loosely  cemented  co 
grained  sandstone  have  relatively  large  interconnected  openings  and  tran 
water  readily.  Shale,  dense  limestone,  firmly  cemented  sandstone,  and 
material  of  heterogeneous  particle  size  have  little  interconnected  pore  space 
allow  less  water  movement. 

Secondary  openings  are  those  formed  after  deposition  and  consolidatio 
the  formations.  They  result  from  fractures  or  solution  of  the  rock.  Fracture: 
the  result  of  applied  stresses,  such  as  those  associated  with  mountain  buik 
Solution  openings  are  formed  by  the  solution  and  removal  by  water  of 
material,  such  as  limestone,  especially  along  fractures.  These  channels  gene 
become  smaller  with  depth,  and  their  ability  to  transmit  water  is  corresp 
ingly  reduced. 

Ground  water  occurs  under  both  water-table  (free,  unconfmed)  and  arte 
(confined  under  pressure)  conditions.  Water-table  conditions  are  those  in  w 
ground  water  is  unconfmed,  and  the  upper  surface  of  the  water  is  free  to  rii 
fall.  Artesian  conditions  exist  where  the  water  is  confined  in  a perme 
formation  that  is  overlain  by  a relatively  impermeable  formation.  The  u 
surface  of  the  water  is  not  free  to  rise  or  fall,  but  the  water  is  under  em 
pressure  to  rise  above  the  containing  aquifer  in  wells  penetrating  the  aquifer, 
surface  to  which  water  will  rise  in  wells  tapping  an  artesian  aquifer  is  callec 
potentiometric  surface. 

The  water  table  rises  and  declines  according  to  the  relative  amount 
recharge  (additions  to  the  aquifer)  and  discharge  (losses  to  springs,  streams, 
wells).  Very  little  recharge  reaches  the  saturated  zone  during  the  growing  se; 
(April  to  October  ) because  of  the  heavy  evapotranspiration  losses;  how( 
recharge  causes  a general  rise  of  water  levels  througliout  the  rest  of  the  ) 
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Figure  5.  Hydrograph  for  well  Ws-1 . 


Table  3.  Source  and  Significance  of  Dissolved  Mineral  Constituents  and  Physical  Properties  of  Natural  Waters 

(In  milligrams  per  liter) 
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These  changes  in  water  levels  are  illustrated  in  Figure  5.  Water  levels  in  the 
county  are  at  or  near  the  land  surface  in  the  valleys  and  rise  toward  the  drainage 
divides.  The  rate  of  water  level  rise,  however,  is  less  than  that  of  the  land  surface; 
so  wells  at  the  higher  altitudes  must  be  drilled  deeper  than  those  in  the  valleys. 

WATER  QUALITY 

Precipitation  is  slightly  mineralized  and  acts  as  a mild  solvent.  As  it  enters  the 
ground  and  moves  slowly  through  the  soil  and  rocks,  it  dissolves  various  minerals 
and  carries  them  in  solution.  Water  containing  more  than  500  mg/1  (milligrams 
per  liter)  dissolved  minerals  is  considered  undesirable  for  domestic  use,  but  more 
highly  mineralized  water  is  used  where  better  supplies  are  not  available.  The 
significance  of  water-quality  factors  is  given  in  Table  3. 

Surface  water  resulting  from  direct  runoff  after  rain  or  snowmelt  is  usually 
far  less  mineralized  than  ground  water  because  it  moves  more  rapidly  and, 
therefore,  has  less  contact  with  mineral  matter.  After  extended  periods  without 
precipitation,  streamflow  is  maintained  entirely  by  ground-water  seepage  and  has 
a higher  than  normal  mineral  content. 

Ground  water  has  the  advantage  of  being  much  more  constant  in  quality  than 
surface  water  over  long  periods  of  time.  Ground  water  also  is  generally  more  free 
of  bacteria  than  surface  water  because  the  soil  and  rocks  through  which  it 
percolates  effectively  filter  out  most  biological  organisms.  One  of  the  dis- 
advantages of  ground  water  is  that,  because  of  the  slow  movement,  ground-water 
reservoirs  require  much  more  time  than  stream  channels  to  flush  out  pollutants. 

Ground  water  is  subject  to  less  temperature  variation  than  surface  water. 
Unless  subjected  to  thermal  pollution  (man-induced  temperature  changes),  it 
maintains  a temperature  of  about  53°  F,  the  average  air  temperature  of  the 
county.  Stream  temperatures  in  Washington  County,  however,  vary  with  the 
seasons  and  range  from  the  low  30’s  to  the  low  80’s. 

Analyses  of  ground  water  from  Washington  County  are  listed  in  Table  4.  The 
analyses  of  water  from  bedrock  aquifers  show  many  extremes  in  quality;  the 
high  concentrations  of  the  various  constituents  are  due  to  both  man-induced  and 
natural  causes.  Generally,  the  most  common  undesirable  constituent  of  ground 
water  in  the  county  is  iron,  which  often  exceeds  the  0.3  mg/1  limit  recom- 
mended by  the  U.S.  Public  Health  Service  (1962).  If  the  iron  content  is 
excessive,  the  water  generally  requires  treatment  for  its  removal.  Some  of  the 
analyses  show  excessive  mineralization  because  the  wells  were  drilled  to  an 
aquifer  lying  too  far  below  the  level  of  the  major  drainage  systems;  water  at  such 
depths  moves  slowly,  so  that  some  of  the  water  trapped  in  the  sediments  when 
they  were  deposited  may  not  yet  be  flushed.  Also,  the  water  has  had  a long  time 
to  dissolve  minerals  from  the  rocks. 

Most  of  the  analyses  in  Table  4 represent  chemical  quality  to  be  expected  for 
water  from  wells  drilled  in  the  county.  Some  of  the  water  analyzed  showed 
excesses  of  one  or  more  constituents;  generally,  these  waters  were  sampled 
because  they  represented  extreme  conditions. 


Table  4.  Chemical  Analyses  of  Ground  Water 


14 


Hd 


(DoSZ  soquiojoiui) 

aouBpnpuo::!  oijpods 


^ O 
^CJ 

V.  cj 

r3 


9jnuoqjno-uoM 

uinisouSriu 

uinpiH^ 

spi|os  poAiossiQ 


( "on)  aJEijiN 


1 

1 

1 

i 

1 

1 

1 

04 

00 

o 

1 

1 

1 

1 

1 

1 

1 ■ 

1 

1 

1 

1 

1 

1 

04 

to 

1 

' 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

o 

NO 

00 

ON 

to 

m 

00 

o 

ro 

o 

o 

to 

i—i 

NO 

<N 

oo 

(N 

04 

00 

04 

ON 

ro 

NO 

ro 

to 

r*^ 

<N 

04 

04 

ro 

00 

04 

ro 

ro 

04 

r-H 

o 

NO 

<N 

o 

04 

o 

o> 

o 

to 

ON 

00 

00 

m 

00 

04 

04 

ro 

04 

ro 

o 

ON 

ro 

ON 

(O 

ro 

04 

ro 

ro 

NO 

NO 

00 

ro 

04 

O 

o 

O 

o 

O 

o 

O 

ON 

to 

.-H 

q 

00 

04 

q 

O' 

q 

04 

q 

(N 

r-H 

04 

NO 

to 

O 

(J)  sptJonij 
do)  apiJopD 

( ''OS)  ajPIPis 


("OOH) 

apuoqiBOig 
(;>[)  uinissBjoj 


I I I I I 


I I I I 1 I I ^ 


q 

q 

O' 

q 

q 

o 

04 

04 

On 

00 

ro 

00 

NO 

00 

o 

— H 

O 

-'H 

o 

sO 

l-H 

l-iM 

l-H 

^H 

ro 

04 

04 

04 

04 

OO 

q 

ro 

04 

O' 

ro 

NO 

to 

ro 

to 

NO 

NO 

o 

o 

O 

r— 

o 

O' 

ro 

00 

04 

o 

o 

NO 

ro 

O' 

0^4 

NO 

04 

l-H 

O' 

NO 

00 

ro 

ON 

to 

ro 

to 

04 

NO 

O' 

o 

NO 

to 

00 

ro 

04 

to 

o 

OO 

O' 

CO 

O' 

04 

00 

ro 

ro 

ro 

04 

04 

ro 

ro 

04 

04 

04 

ro 

q 

q 

04 

04 

q 

00 

OO 

q 

q 

04 

O' 

o 

ON 

ro 

ro 

04 

04* 

'^* 

to 

04 

to 

ro 

ro 

NO 

T-^ 

(Bfq)  uinipos 


O<NO(N'^^<Nr-r--(N00  00OO 
10^rsro  rj-fS 

1-H  fNJ  ' 


LunisouSRp^ 


r'io<^ooasr--00'— 'r^r^<N00'^ 

ro  ^ fNt— i 


(n3)  luninpo 


r-ioO'nTO'Or^'^(NNOroooo<^uo 
ON  ooro'sO'sDcoOr^rNiO'O’— ^ 

m 1— 


(UIAI) 

OSaUBSuBlU  |B}OX 

(3.1)  UOJl  PIOX 

( "0!S)  '^^ins 

(q  J 3Jninj3diu3X 
uonnsnoo 

JO  SPQ 

J3qiunu  ipAV 


I I 


I I I I I I I I I 


o 


Or'ir^  o^or^O 
O ‘ ' * r4 

ro  00 

r--*r'NONor'NDOr^'^<Nr^or^CN 


rs<Nr^r40<^00<^'^<^NO'^ 


I I 

I I I 


I I I 
I I I 


I I 
I I 


I I 

I I o^ 


HOW  AND  WHERE  GROUND  WATER  IS  EOUND 


15 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 

Ground  water  in  Washington  County  occurs  in  both  artesian  and  water-table 
aquifers;  well  yields  range  from  a fraction  of  a gallon  per  minute  to  over  350 
gpm  (gallons  per  minute).  Data  for  176  wells  are  listed  in  Table  5. 

A summary  of  the  geologic  and  water-bearing  characteristics  of  the  different 
rock  units  in  Washington  County  follows.  Table  6 and  the  following  discussion 
name  and  describe,  in  descending  order,  the  formations  most  commonly  used  as 
aquifers.  The  rank  and  classification  of  many  of  these  units  are  similar  to  those 
used  in  earlier  reports  describing  the  geology  and  ground-water  resources  of  the 
area.  Berryhill  and  Swanson  (1962)  revised  the  nomenclature  for  Pennsylvanian 
and  Permian  rocks  in  Washington  County.  As  redefined,  the  Washington  Forma- 
tion is  of  Permian  age.  A geologic  map  of  the  county  is  shown  in  Plate  1. 

ALLUVIUM 

Lithology 

Unconsolidated  deposits  (alluvium)  overlie  the  bedrock  in  a few  places  in  the 
major  stream  valleys  in  the  county.  They  consist  of  rock  material  that  was 
transported  and  deposited  by  moving  water.  The  material  includes  clay,  silt, 
sand,  gravel,  and  some  boulders,  and  most  of  the  particles  have  been  rounded 
during  transportation.  Alluvium  ranges  in  texture  from  poorly  sorted  to  well 
sorted. 


Water-Bearing  Characteristics 

Alluvium  is  generally  permeable  and,  where  saturated,  wilt  yield  moderate  to 
large  supplies  of  water  to  wells.  However,  permeability  may  change  significantly 
over  short  distances,  because  of  the  change  in  the  degree  of  sorting.  Well  yields 
depend  principally  upon  the  permeability  and  thickness  of  saturated  deposits 
penetrated  by  the  wells. 


Well  Depths  and  Yields 

Few  data  are  available  for  wells  completed  in  the  alluvium.  Yields  of  only  two 
wells  (200  and  350  gpm)  are  reported.  The  depths  of  wells  in  the  alluvium  range 
from  28  to  63  feet.  Some  of  the  shallow  wells  probably  do  not  penetrate  the  full 
thickness  of  the  material. 


Well  Location  and  Spacing 

Well  location  and  spacing  are  important  considerations  in  planning  a well 
field.  The  best  wells  are  those  that  fully  penetrate  the  alluvium,  are  in  a line 
parallel  to  the  streams,  and  are  close  enough  to  the  streams  to  induce  recharge. 
Well  spacing  in  alluvium  can  best  be  established  after  determining  how  the  shape 
of  the  cone  of  depression  around  one  or  more  pumping  wells  changes  with  time 
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HOW  AND  WHERE  GROUND  WATER  IS  1 OUND 


pumped  and  with  distance  from  the  center  of  pumping.  This  information  can  be 
obtained  from  standard  pumping  tests  made  on  developed  production  and 
observation  wells. 


Water  Quality 

Ground  water  from  alluvium  is  generally  hard  and  has  a high  iron,  manganese, 
and  dissolved-solids  content.  It  also  has  low  turbidity  and  generally  is  bacteriolo- 
gically  pure.  The  quality  of  water  from  wells  changes  considerably  when  water  is 
induced  to  How  from  streams  into  the  cones  of  influence  of  the  wells.  When  this 
occurs,  the  well  water  quality  is  intermediate  in  character  between  the  quality  of 
the  surface  water  and  ground  water.  Temperature  of  the  mixed  waters  will  vary; 
they  are  lower  during  the  winter  and  higher  in  the  summer. 


GREENE  FORMATION 

In  Washington  County  the  Greene  Formation  is  composed  of  the  Fish  Creek 
Sandstone  and  the  Donley  Eimestone  Members  and  associated  beds. 

Lithology 

This  geologic  unit  is  composed  of  sandstone  that  grades  irregularly  into 
thin-bedded  shaly  sandstone  and  encloses  several  discontinuous  thin  shaly  beds 
of  limestone.  A sandstone  10  to  40  feet  thick  is  the  most  important  water- 
yielding  unit  in  this  formation. 


Water-Bearing  Characteristics 

Where  this  formation  is  saturated,  the  wafer  occurs  in  the  pore  spaces 
between  the  sand  grains,  in  the  joints,  and  along  the  bedding  planes.  Perme- 
ability of  the  sandstone  differs  greatly,  according  to  grain  size,  degree  of  sorting, 
amount  of  cementing  material  or  extent  of  fracturing.  The  shale  is  a fine-grained 
rock  of  low  permeability,  but  it  generally  contains  water  in  fracture  or  joint 
systems. 


Well  Depth  and  Yields 

The  yields  of  wells  in  the  Greene  Formation  are  low  because  of  the  shale 
members  and  the  smallness  and  scarcity  of  fractures.  Well  yields  range  from  less 
than  1 to  35  gpm,  and  the  median  yield  is  about  2 gpm.  Yields  greater  than 
those  required  for  domestic  purposes  are  not  available  from  wells  in  this 
formation. 

Well  depths  range  from  32  to  308  feet,  and  most  of  the  wells  are  less  than 
120  feet  deep. 


'eneralized  Section  of  Geologic  Units 
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Conemaugh  Group  44-438  Gray,  green  and  red  shale  with  dis-  Water-yielding  capacity  ranges  greatly  from 

continuous  sandstone  beds,  some  thin  place  to  place.  Sandstones  are  best  producing 

Limestone  beds  and  coal;  all  members  beds, 
variable  in  thickness. 


HOW  AND  WHI'RH  GROUND  WA  Tl- R IS  I'OUND 
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Well  Location  and  Spacing 

Weil  spacing  is  generally  not  critical  when  water  is  being  pumped  for  domestic 
purposes.  Locating  an  adequate  water  supply  in  the  Greene  Formation  can  be 
difficult  for  the  reasons  stated  in  the  preceding  section.  It  is  possible  to  develop 
modest  household  supplies  from  the  thicker  sandstone  members  where  they 
occur  below  the  water  table. 


Water  Ouality 

Only  two  partial  chemical  analyses  of  water  from  the  Greene  Formation  are 
available  - dissolved  solids,  41  1 and  436  mg/I,  and  iron,  0.81  and  0.93  mg/1.  The 
water  is  of  good  quality,  but  moderately  hard. 


WASHINGTON  FORMATION 
Lithology 

The  Washington  Formation  consists  of  alternating  beds  of  shale  and  sand- 
stone and  several  coal  beds.  There  are  some  thin-bedded  discontinuous  limestone 
members.  The  basal  member  is  a dark-colored  sandy  shale. 

Water-Bearing  Characteristics 

In  general  the  Washington  Formation  is  a poor  water  bearer.  The  soft  shale 
that  constitutes  the  major  part  of  the  section  is  a very  poor  water  bearer, 
althougli  a small  amount  of  water  is  available  from  bedding  planes.  The  basal 
sandy  shale  yields  water  in  larger  quantities  where  it  is  not  deeply  buried. 

Well  Depths  and  Yields 

Well  yields  in  this  formation  range  from  less  than  1 to  70  gpm,  and  the 
median  yield  is  2 gpm.  Several  wells  in  this  formation  do  not  yield  water.  The 
yields  of  wells  in  the  Washington  Formation  are  generally  low  because  of  the 
shale  members  and  the  scarcity  of  fractures.  Well  depths  range  from  36  to  304 
feet. 


Well  Locations  and  Spacing 

Small  household  water  supplies  can  be  developed  from  the  sandy  units  in  the 
Washington  Fomiation.  Domestic  well  location  and  spacing  is  generally  not 
critical. 


Water  Quality 

Only  one  chemical  analysis  of  water  from  the  Washington  Fonnation  is 
available.  Dissolved-solids  content  was  318  mg/1,  and  iron  content  was  0.5  mg/I. 
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MONONGAHELA  GROUP 
Lithology 

The  Monongahela  Group,  which  is  divided  into  the  Pittsburgh  (lower) 
Uniontown  (upper)  Formations,  consists  of  limestone,  shale,  sandstone, 
coal.  The  limestone  is  dense  and  massive  to  thin  bedded.  The  shale  and  s 
stone  are  discontinuous.  There  are  several  mineable  coal  beds  in  the  gr 
including  the  Pittsburgh,  Redstone,  Fishpot,  Sewickley,  Uniontown,  and  1 
Waynesburg  coals. 


Water-Bearing  Characteristics 

Most  of  the  porosity  and  permeability  in  limestone  is  the  result  of  enl 
ment  of  the  fractures  through  the  solution  and  removal  of  minerals  by  me 
ground  water.  Permeability  of  sandstone  ranges  greatly,  according  to  grain 
degree  of  sorting,  and  amount  of  cementing  material.  Secondary  porosity 
be  developed  by  solution  and  removal  of  cementing  material  or  by  fractu 
Shale  is  a fine-grained,  rather  impermeable  rock,  but  generally  contains  wat 
fracture  or  joint  systems. 


Well  Depths  and  Yields 

The  yields  of  wells  in  the  Monongahela  Group  are  low  because  of 
smallness  and  scarcity  of  fractures.  Well  yields  range  from  0.1  to  50  gpm, 
the  median  yield  is  about  1 gpm.  Yields  greater  than  those  required  for  dom 
purposes  are  very  difficult  to  obtain  from  this  group.  Large-diameter  wells  in 
formation  will  yield  larger  volumes  of  water  than  small-diameter  wells  for  s 
periods,  because  the  amount  of  stored  water  is  greater  in  the  large-dian 
wells.  Aside  from  the  storage  factor,  the  drilling  of  deeper  wells  in  the  Mo 
gahela  Group  does  not  increase  the  potential  yield  of  wells.  The  low  yield; 
partly  the  result  of  dewatering  of  the  rocks  due  to  coal  mining. 

Well  depths  range  from  50  to  400  feet,  and  most  of  the  wells  are  over 
feet  deep. 


Weil  Location  and  Spacing 

The  spacing  of  domestic  wells  is  not  critical  because  of  the  modest  v 
requirements.  Locating  an  adequate  water  supply  in  the  Monongahela  Groi 
difficult  for  the  reasons  stated  in  the  preceding  section. 

Water  Quality 

Ground  water  in  the  Monongahela  Group  is  largely  of  the  calcium  b 
bonate  type.  Where  the  unit  lies  approximately  100  feet  below  major  stre 
chloride  concentrations  are  high.  The  dissolved-solids  content  ranges  from 
to  1120  mg/1.  Iron  content  ranges  from  0.07  to  0.22  mg/1. 


HOW  AND  WHERE  GROUND  WATER  IS  FOUND 
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CONEMAUGH  GROUP 
Lithology 

The  Conemaugli  Group  is  divided  into  the  Glenshaw  (lower)  and  Cassehnan 
(upper)  Formations.  It  is  much  less  calcareous  than  the  overlying  Monongahela 
Group  and  is  composed  primarily  of  sandstone  and  shale  and  lesser  amounts  of 
limestone  and  coal.  This  group  occurs  in  the  northern,  central,  and  eastern  parts 
of  the  county. 

Water-Bearing  Characteristics 

The  best  water-producing  formations  in  the  Conemaugh  Group  are  sandstone 
beds.  Well  yields  depend  on  local  permeability  of  the  aquifers  and  on  the 
thickness  of  saturated  rock.  Below  stream  drainage  level,  the  aquifers  are  likely 
to  be  saturated;  above  drainage  level,  the  upper  part  of  the  rocks  is  unsaturated 
and,  thus,  well  yields  are  reduced. 

In  the  shale  and  limestone  members,  the  water  is  generally  obtained  from 
bedding-plane  passages  and  from  joint  planes. 

Well  Depths  and  Yields 

The  Conemaugli  Group  is  a source  of  small  to  moderate  supplies  of  ground 
water.  Some  wells  yield  more  than  50  gpm,  but  the  median  yield  for  wells  in  this 
aquifer  is  5 gpm.  The  deepest  water  well  reported  in  the  Conemaugli  Group  was 
drilled  438  feet  deep  and  produced  65  gpm.  The  highest  reported  yield  was  160 
gpm  from  a well  255  feet  deep.  Three  wells,  80,  98,  and  1 54  feet  deep,  were  dry. 

Sufficient  water  for  domestic  purposes  can  be  obtained  at  almost  any  loca- 
tion from  wells  that  are  100  feet  below  the  water  table,  but  yields  large  enougli 
for  industrial  and  municipal  purposes  are  more  difficult  to  obtain.  If  large 
supplies  are  souglit,  test  wells  help  to  determine  if  sufficient  water  is  available 
for  a production  well. 


Well  Location  and  Spacing 

Domestic  well  spacing  is  generally  not  critical  but  industrial  and  municipal 
well  spacing  is.  Where  several  pumping  wells  are  closely  spaced  the  cones  of 
depression  overlap,  the  draw  down  is  increased,  and,  consequently,  the  yield  of 
each  well  is  reduced.  Wells  less  than  500  feet  apart  in  the  Conemaugh  Group 
generally  interfere  with  each  other  when  pumped  simultaneously. 

Water  Quality 

Chemical  analyses  of  the  ground  water  in  the  Conemaugli  Group  show  a wide 
range  in  chemical  character.  The  extremes  of  dissolved  solids  are  220  and  2600 
mg/1.  The  range  in  hardness  is  from  127  to  1840  mg/1.  Iron  ranges  from  0.17  to 
2.3  mg/1  and  may  need  to  be  removed  from  the  water  where  it  exceeds  0.3  mg/1, 
in  order  to  meet  U.S.  Public  Health  Service  (1962)  drinking  water  standards. 
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HOW  MAN  HAS  CHANGED  THE  HYDROLOGIC  SYSTE/V 

PRESENT  STATUS  OF  DEVELOPMENT 

Population  and  industrial  growth  of  the  county  have  greatly  altered  \ 
demands  and  the  means  of  satisfying  those  demands.  In  the  early  day; 
people  had  their  own  wells  or  obtained  water  from  nearby  springs  or  stream 
the  late  1960’s,  80  percent  of  the  county  population  received  water  from  p 
water-supply  facilities.  An  inventory  in  1970  showed  public  supplies  to  aY 
17  mgd  (million  gallons  per  day).  Of  this  total,  less  than  1 mgd  was 
ground-water  sources. 

No  recent  inventory  of  commercial  and  industrial  water  supplies  has 
made,  but  there  has  probably  been  a decrease  in  the  amount  of  ground  \ 
used  for  most  purposes.  The  water  is  used  primarily  for  cooling  and  proces 
and  about  one-fourth  of  it  is  reused.  Water  requirements  of  some  comp 
have  been  reduced  to  the  point  where  it  is  more  economical  to  purchase  \ 
from  public  supplies  than  to  maintain  private  wells. 

GROUND-WATER  PUMPAGE 

Reports  from  two  municipalities  using  ground  water  in  Washington  Co 
indicate  that  about  300,000  gpd  (gallons  per  day)  is  being  pumped  from  wel 
obtained  from  springs. 

Union  Township  pumps  two  wells  at  about  220,000  gpd.  Fallowfield  T( 
ship  utilizes  a spring  and  surface-water  source.  As  stated  above,  no  re 
inventory  of  industrial  supplies  has  been  made,  but  there  has  probably  be 
decrease  in  the  amount  of  ground  water  for  most  purposes. 

SURFACE-WATER  PUMPAGE 

The  water  supplies  for  most  of  the  municipalities  in  Washington  Count; 
obtained  from  surface-water  sources.  Available  data  indicate  that  17  mi 
gallons  of  water  a day  are  used  to  supply  the  municipalities  in  the  coi 
Surface-water  supplies  are  taken  from  reservoirs  on  many  smaller  streams 
directly  from  the  larger  streams. 

WATER  PROBLEMS  RESULTING 
FROM  THE  ACTIVITIES  OF  MAN 

COAL-MINING  OPERATIONS 

The  greatest  water  problem  in  Washington  County  is  pollution  of  the  v 
resources  by  drainage  from  coal-mining  operations.  The  waste  material 
behind  during  the  removal  of  coal  is  rich  in  iron  and  sulfur-bearing  mine 
Exposure  of  these  minerals  to  air  and  water  produces  soluble  iron  and  sul 
acid,  which  may  be  temporarily  pooled  in  the  mine  areas  or  may  move  dire 
into  streams.  Wells  near  such  areas  that  are  open  at  or  below  the  level  of  t 
pools  tap  water  polluted  by  the  iron  and  sulfuric  acid. 
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Streams  draining  coal-mining  areas  are  polluted  to  varying  degrees.  The 
Monongalrela  River,  Chartiers  Creek,  Brush  Creek,  Pigeon  Creek,  and  Pike  Run 
and  many  of  their  tributaries  carry  mine  drainage. 

The  many  reservoirs  in  watersheds  of  streams  entering  Washington  County 
benefit  the  area  in  two  ways.  They  diminish  potential  flood  hazards  by  retaining 
much  of  the  excess  water  during  periods  of  high  surface  runoff.  They  also  reduce 
the  degree  of  pollution  by  releasing  water  during  periods  of  low  river  stage,  thus 
diluting  the  otherwise  highly  mineralized  streams. 


DEWATERING  OF  AQUIFERS 

Collapse  of  unsupported  roof  material  in  worked-out  coal  mines  has  caused 
fracturing  and  dewatering  of  the  overlying  aquifers  in  some  parts  of  the  county. 
In  the  western  and  north-central  parts  of  the  county,  the  sandstone  overlying  the 
Pittsburgh  coal  has  been  extensively  dewatered  wherever  the  coal  has  been 
mined.  In  other  parts  similar  dewatering  of  the  sandstone  beds  occurs  above 
mines  in  the  Waynesburg  coal. 


OIF  AND  GAS  WEEDS 

Oil  and  gas  production  is  of  great  significance,  as  the  county  is  ranked  sixth  in 
the  Commonwealth  for  natural  gas  production  and  fourth  for  crude  petroleum 
production.  During  the  search  for  oil  and  gas,  thousands  of  wells  were  drilled. 
Many  of  the  well  casings  have  been  removed  or  are  severely  corroded.  The  result 
is  that  salt  water  under  artesian  pressure  has,  in  many  areas,  moved  up  the 
boreholes  and  out  into  the  shallower  freshwater  aquifers,  degrading  water 
quality. 


DEVELOPMENT  OF  WELLS 

DRIFTING  METHODS 

Dug  wells  were  common  around  the  turn  of  the  century,  but  they  are  now  a 
rarity.  Most  wells  currently  in  use  in  Washington  County  are  drilled  by  either 
percussion  or  rotary  methods.  In  the  percussion  or  cable  tool  method,  wells  are 
drilled  by  the  alternate  lifting  and  dropping  of  a heavy  drilling  bit  in  the 
borehole.  The  bit  action  breaks  up  consolidated  rock  material  or  loosens  un- 
consolidated material  so  that  the  smaller  fragments  may  be  removed  by  bailing. 
The  rotary  method  uses  a rotating  bit  to  cut  rock  or  to  loosen  alluvial  material; 
drill  cuttings  are  carried  from  the  borehole  to  the  surface  by  circulating  water, 
drilling  mud,  or  air. 
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WELL  CONSTRUCTION 

Wells  are  generally  cased  with  pipe  to  prevent  collapse  of  the  borehol 
consolidated  material  the  casing  may  be  driven  only  a few  feet  into  the  ro< 
may  line  the  hole  to  very  near  its  bottom.  In  unconsolidated  material,  c; 
must  be  used  to  prevent  collapse  of  the  hole,  and  it  is  common  practk 
replace  the  casing  with  screen  opposite  water-bearing  zones.  An  alternative 
screen  is  slots  or  drilled  holes  in  the  casing.  The  purpose  of  the  screen  or  sk 
casing  is  to  allow  entry  of  water  into  the  well  while  excluding  the  rock  mat' 
Gravel  packing  is  a further  refinement  available  for  use  in  construction  of 
in  alluvium.  In  this  technique,  clean  coarse  gravel  is  used  to  fill  the  annular  s 
between  the  well  screen  and  the  outside  of  the  borehole.  The  purpose  of  a g 
pack  is  to  increase  the  effective  screen  diameter,  reduce  the  entrance  veloci 
water  entering  the  well,  and  lessen  the  likelihood  that  fine  sand  will  clog  the 
screen. 

In  the  interest  of  sanitation  it  is  necessary  to  fill  the  upper  part  of  the  am 
space  between  the  casing  and  the  earth  with  grouting  material,  such  as  cone 
The  grout  extends  down  far  enough  to  prevent  the  entry  of  surface  pollu 
into  the  zone  of  water  withdrawal. 

WELL  DEVELOPMENT 

The  method  commonly  used  to  increase  well  yields  consists  of  h 
pumping  of  the  borehole  for  a short  period  of  time  to  remove  drill  cutting: 
the  fine  material  from  the  water-bearing  zones.  Other  less  common  techn: 
used  to  increase  yields  are  mechanical  surging  and  the  addition  of  detergents 

Mechanical  surging  is  similar  to  operating  a piston  in  a cylinder,  witf 
casing  or  well  bore  acting  as  the  cylinder  and  the  surge  block  as  the  pi 
Alternately  raising  and  lowering  the  block  in  the  well  forces  water  in  and  o 
the  openings  in  the  aquifer.  Loose  rock  chips  or  fine  sand  grains  are  loos 
and  drawn  into  the  well  bore,  from  which  they  may  be  pumped.  This  meth 
most  successful  in  unconsolidated  material,  sandstone,  and  conglomerate. 

Detergents  can  be  used  most  successfully  in  wells  where  clay  and 
materials  are  plugging  small  fractures  and  other  openings  in  the  aquifer, 
detergent  helps  to  break  up  these  plugs  into  small  particles,  so  that  they  m; 
pumped  out,  leaving  the  aquifer  openings  clear  to  transmit  water  to 
borehole. 


MANAGEMENT  OF  WATER  SUPPLIES 

PROTECTION  FROM  OVERDRAFT 


Water  levels  in  wells  may  drop  below  the  pumps,  and  production  ceas 
becomes  inadequate.  Possible  remedies  are  deepening  wells,  reducing  pum 
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artificially  recharging  aquifers,  adding  wells,  spacing  and  orienting  additional 
wells  properly,  and  lowering  pump-intake  settings. 

As  ground  water  is  little  used  in  Washington  County,  there  is  no  known 
overdraft.  Overdraft  would  most  likely  occur  where  wells  are  spaced  closely 
together  or  in  areas  some  distances  from  the  streams  where  induced  infiltration 
is  not  possible. 


PROTECTION  FROM  POLLUTION 

Water  moves  rather  freely  between  surface  and  subsurface  environments; 
therefore,  anything  that  affects  the  quality  of  surface  water  may  also  affect  the 
quality  of  ground  water.  The  reverse  is  also  true.  This  interrelation  is  most 
apparent  in  heavily  industrialized  areas  where  large  amounts  of  waste  are 
discharged  into  rivers  and  much  river  water  is  induced  into  nearby  wells  from  the 
river  alluvium.  River-water  contamination  is  generally  higliest  during  the  time  of 
greatest  ground-water  pumpage  and  this  can  (and  in  many  cases  does)  adversely 
affect  the  quality  of  water  yielded  by  such  wells. 

Government  agencies  are  becoming  increasingly  active  in  the  field  of 
pollution  prevention.  The  Pennsylvania  Department  of  Health  has  set  standards 
for  length  and  cementing  of  casing  in  wells,  and  the  Pennsylvania  Department  of 
Environmental  Resources  has  established  regulations  concerning  the  reclamation 
of  strip  mines  to  reduce  the  formation  of  acid  water.  As  mentioned  previously, 
however,  the  discharge  from  abandoned  mines  is  still  a major  source  of 
pollution.  Snowmelt  and  heavy  rains  througliout  the  year  tlush  out  the  acid 
water  accumulated  in  the  mines  and  carry  it  into  the  streams.  When  this 
happens,  dilution  by  less  mineralized  water  reduces  the  degree  of  contamination. 

A large  part  of  the  ground  water  used  by  industry  is  for  cooling  purposes. 
After  use,  much  of  this  warmer  water  is  discharged  to  streams.  The  higher 
temperature  makes  the  water  less  suitable  for  similar  use  in  downstream  areas. 

Ground-water  supplies  may  be  contaminated  by  pollutants  carried  downward 
from  the  land  surface  by  percolating  water.  Because  ground  water  moves  slowly, 
such  pollution  is  slow  to  accumulate  and  just  as  slow  to  flush  out  after  the 
contaminating  source  is  removed.  Common  sources  of  pollution  are  septic 
systems,  nitrate  from  fertilizers,  and  household  detergents;  other  sources  are 
industrial  wastes,  accidental  oil  spills,  and  waste  material  in  sanitary  landfills. 

In  the  future,  controlling  water  quality  will  probably  be  a greater  problem 
than  obtaining  sufficient  quantities  of  water.  Surface-water  quality  is  now 
monitored  at  many  points  in  the  area.  A similar  system  to  monitor  the  quality  of 
ground  water  in  and  around  cities,  industrial  sites,  and  unpopulated  areas  would 
be  valuable. 
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WHERE  TO  GET  INFORMATION  ABOUT  WATER 

The  Pennsylvania  Topographic  and  Geologic  Survey  has  information  o 
geology  of  Washington  County  and  has  published  reports  describing  the  aqi 
and  chemical  quality  of  ground  water.  Well  drillers’  logs  and  reports  on 
wells  also  are  available. 

The  Private  Water  Supply  section,  Division  of  Sanitation,  Pennsyl 
Department  of  Health,  can  supply  information  on  proper  well  constru 
requirements,  biological  reports  on  well  water,  and  the  chemical  quali 
ground  water  in  this  and  other  counties.  The  Pennsylvania  Departmei 
Health,  through  various  regional  offices,  can  test  water  samples  for  bac 
pollution;  they  also  can  advise  on  corrective  measures  to  be  taken  when  ] 
tion  is  reported. 

The  Engineering  and  Construction  section  of  the  Pennsylvania  Departmi 
Environmental  Resources  has  information  on  some  municipal  water  sup 
including  source,  average  daily  use,  total  annual  use,  and  estimated  future  r 

The  U.S.  Geological  Survey  has  data  on  wells,  springs,  and  streams  and  c 
chemical  quality  of  water. 

When  information  on  water  supplies  is  requested,  an  accurate  location  ( 
site  should  be  given.  This  will  help  the  above-listed  agencies  to  give  assis 
and  advice. 

The  local  well  drillers  and  pump  installers  can  provide  prices  and  sugge 
type  of  equipment  needed  to  develop  a water  supply.  The  drillers  may  kno 
well  depth  necessary  to  obtain  desired  yields  and  how  much  surface  cas 
required.  They  can  also  suggest  the  proper  well  diameter  for  the  desired  put 
equipment.  Pump  installers  can  supply  information  concerning  the  size  ( 
pump,  depth  of  the  pump  setting,  and  the  pressure-tank  capacity. 

If  chemical  analysis  of  the  well  water  indicates  treatment  is  nece 
commercial  water-treatment  companies  can  provide  the  necessary  inforrr 
and  equipment.  Equipment  for  water  treatment  can  be  purchased  or  renter 
it  will  be  serviced  by  the  supplier  if  desired. 


GLOSSARY 

Anticline:  An  arch  in  stratified  rock  in  which  the  layers  bend  downwc 
opposite  directions  from  the  crest  and  which  has  the  oldest  rocks  in  the 
reverse  of  syncline. 

Aquifer:  A formation,  group  of  formations,  or  a part  of  a formation 
contains  sufficient  saturated  material  to  yield  significant  quantities  of 
to  wells  or  springs. 

Artesian  water:  Ground  water  that  occurs  under  sufficient  hydrostatic  he 
rise  above  the  level  at  which  it  was  found  when  drilling. 
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Cubic  feet  per  second:  The  rate  of  discharge  equivalent  to  the  discharge  of  a 
stream  of  rectangular  cross  section,  1 foot  wide  and  1 foot  deep,  whose 
velocity  is  1 foot  per  second;  equivalent  to  448.8  gallons  per  minute. 

Cone  of  depression:  A funnel-shaped  depression,  in  a water  table  or  potentio- 
metric  surface,  centered  at  a pumping  well  or  other  discharge  point. 

Drainage,  or  drainage  level:  In  this  report  refers  to  the  level  of  the  beds  of  the 
principal  streams. 

Drainage  system:  A stream  and  its  tributaries. 

Direct  runoff:  The  water  that  moves  over  the  land  surface  directly  to  streams 
immediately  after  rainfall  or  snowmelt. 

Discharge,  ground-water:  The  water  that  leaves  the  saturated  zone. 

Evapotranspiration:  Water  withdrawn  from  a land  area  by  direct  evaporation 
from  water  surfaces  and  moist  soil  and  by  plant  transpiration. 

Fracture:  Break  in  a rock  due  to  applied  stresses. 

Ground-water  reservoir:  An  aquifer  or  a group  of  related  aquifers. 

Head,  static:  The  height  above  a standard  datum  of  the  surface  of  a column  of 
water  (or  other  liquid)  that  can  be  supported  by  the  static  pressure  at  a given 
point. 

Induced  infiltration:  The  process  through  which  the  cones  of  depression  are 
lowered  to  a point  where  they  intercept  the  water  of  a perennial  stream, 
reversing  the  normal  direction  of  the  ground-water  gradient;  also,  the  water 
drawn  into  the  aquifer  by  this  process. 

Joint;  A fracture  that  has  opened  with  no  displacement  of  adjacent  walls  along 
the  fracture;  often  vertical  and  occurring  in  sets  crossing  one  another  at  high 
angles. 

Overdraft:  Overdraft  of  an  aquifer  exists  when  water  levels  in  the  aquifer  show  a 
persistent  declining  trend  as  a result  of  pumping. 

Perched  ground  water:  Ground  water  separated  from  an  underlying  body  of 
ground  water  by  unsaturated  deposits. 

Permeability:  The  capacity  of  a material  to  transmit  a fluid. 

Plunge:  The  inclination  of  the  crest  of  structures  (as  anticlines  and  synclines) 
from  a horizontal  plane. 

Potentiometric  surface:  The  surface  to  which  the  water  from  a given  aquifer  will 
rise  under  its  full  head. 

Recharge,  ground-water;  The  process  by  which  water  is  added  to  the  zone  of 
saturation. 

Runoff:  That  part  of  precipitation  that  appears  in  streams. 

Saturated  zone:  The  zone  in  which  interconnected  interstices  are  saturated  with 
water  under  pressure  equal  to  or  greater  than  atmospheric. 

Specific  capacity:  The  rate  of  discharge  of  a well,  in  gallons  per  minute,  divided 
by  the  drawdown  in  the  well,  in  feet. 

Steam-gaging  station:  A gaging  station  where  a record  of  discharge  of  a stream  is 
obtained.  Within  the  Geological  Survey  this  term  is  used  only  for  those  gaging 
stations  where  a continuous  record  of  discharge  is  obtained. 
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Surface  water:  Water  on  the  surface  of  the  earth. 

Syncline:  A trough  in  stratified  rock  in  which  the  layers  dip  toward  the  ( 
from  either  side,  and  which  has  the  youngest  rocks  in  the  core;  reve 
anticline. 

Transpiration:  The  quantity  of  water  absorbed  and  transpired  and  used  di 
in  the  building  of  plant  tissue,  in  a specified  time;  also  the  process  by  ' 
water  vapor  escapes  from  the  living  plant,  principally  the  leaves,  and  ^ 
the  atmosphere. 

Water  table:  That  surface  in  an  unconfined  water  body  at  which  press 
atmospheric. 

Water-table  conditions:  The  conditions  under  which  water  occurs  in  an  a 
that  is  not  overlain  by  an  impermeable  body  and  that  has  a water  table. 
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